We report on the study of the relationship between the length of the pulses and the depth of the boundary to be detected in thermally transmissive tissues within the therapeutic window, red to IR spectral range. We use a three-layer theory to predict the possibility of detection of an abnormal growth.
Methodology: experimental concepts
We evaluate the features of pulse thermography to identify possible lesions under the skin, in-vivo. We model a tissue with a tumor-like growth as a three-layer object, with the thickness of the third layer appreciably larger than that of the first two. When the defect is absent the second layer merges into the neighboring ones. We set up the experimental setup as illustrated in Figure 1 .
X-ray transmissive and reflective imaging, ultrasound, and MRI are traditional radiation-based techniques to find a tumor. Likewise, the IR pulse thermography [3, 4] relies on the transmission of IR radiation through the tissue, until it encounters a boundary with different physical and optical characteristics. There, it is reflected and it travels back to the front surface. It is seen as a thermal wave at the surface of the object under test. This concept is illustrated schematically in Figure 2 . [5] The obvious advantage of the detection of abnormal tissue in-vivo with IR radiation is its human-friendliness. Additionally, the living tissue is may be probed within the so-called therapeutic spectral interval, encompassing red to near IR [6] , permitting transmission of illuminating radiation up to the point where a boundary between two optically/ physically different materials is encountered.
Fig. 1. Principal components of our experimental Fig. 2. We can model a tissue with a tumor-like growth as a three-
setup to perform the pulse thermography. [5] layer object, with the thickness of the third layer very large.
Methodology: theoretical concepts
When the surface of the object under study is illuminated with visible/ near IR collimated series of light pulses, the surface transmits the radiation that travels through the medium. At an interface between two physically different media, the thermal pulse is reflected, travelling back to the front surface. The IR camera recording sequence of frames detects it a thermal wave. Figure 3 illustrates this concept for two pixels, in the case of infinitely thick object under study, allowing a 1-D heat-transfer treatment. [7] The illuminated surface undergoes a significant temperature increase only when the thermal wave is reflected from some buried inhomogeneity, indicating a change in physical/ thermal characteristics. When there is no buried boundary between layers, the pixel surface temperature is slightly increased and constant (Δθ =0). When there exists a defect, the pixel surface temperature increases rapidly during the pulse duration, achieving its maximum value at the end of the pulse. Thus, optimum pulse duration must be adjusted to the anticipated depth of the defect. Figure 3 [5] illustrates normalized pixel temperature increase vs normalized observation of the temperature increase. This diagram may also be interpreted as showing two representative pixels in successive series of the frames: one encountering buried obstruction, and one freely propagating through the infinitely thick object.
Fig. 3. Normalized pixel temperature increase vs normalized observation time of the temperature increase (proportional to frame number).
(1) Here θ(x,y) is normalized reference temperature increase at surface point P(x,y). It may be found for the layered material as a sum of exponentials.
(2)
Here we introduce constants.
ξ is normalized time. t f is the time constant; ξ(x,y)' is the normalized time for the irradiation pulse to travel to the defect at Pixel P(x,y); ξ (x,y) is normalized time for the irradiation pulse to travel from the defect to the front surface.
The defect depth is actually not of primary significance in these studies -we are trying to ascertain just the existence of the defect. However, the depth at which the reflection occurs is easily found for pixel P(x,y) as a function ofsurface coordinates. This is particularly so for a relatively flat surface, such as a chest of a male. 
Summary
We report on the study of the relationship between the length of the pulses and the depth of the boundary to be detected in thermally transmissive tissues within the therapeutic window, red to near IR spectral range. We use a threelayer theory to assess the possibility of detection of an abnormal tissue growth. We comment on the applicability of the method to detection of buried boundaries with different radii of curvature.
